(-)-7'-Isothiocyanato-11-hydroxy-1',1'-dimethylheptylhexahydrocannabinol (AM841), a high-affinity electrophilic ligand, interacts covalently with a cysteine in helix six and activates the CB1 cannabinoid receptor.
The CB1 cannabinoid receptor has been shown to play important physiological roles in the central nervous system, as well as peripherally, and is a target for development of therapeutic medications. To gain insight on the ligand binding site(s) and structural features of activation, we designed and synthesized (-)-7'-isothiocyanato-11-hydroxy-1',1'-dimethylheptylhexahydrocannabinol (AM841), a classical cannabinoid affinity label that incorporates an isothiocyanate substituent as an electrophilic reactive group capable of interacting irreversibly with a suitably located and properly oriented nucleophilic amino acid residue at or near the binding site. To obtain evidence for the site of covalent attachment of AM841, C6.47, identified in part by interactive ligand docking, was mutated to serine, alanine, and leucine to reduce or eliminate the nucleophilic character. Wild-type (WT) and mutant CB1 receptors were evaluated for their abilities to recognize a series of cannabinergic ligands. Each bound comparably to WT, excluding C6.47L, which displayed a reduced affinity for 3H-labeled (1R,3R,4R)-3-[2-hydroxy-4-(1,1-dimethylheptyl)phenyl]-4-(3-hydroxypropyl)cyclohexan-1-ol (CP55940), AM841, 11-hydroxy-1',1'-dimethylheptylhexahydrocannabinol (AM4056), and (-)-7'-bromo-11-hydroxy-1',1'-dimethylheptylhexahydrocannabinol (AM4043) and an improvement in affinity for (-)-trans-delta9-tetrahydrocannabinol (delta9-THC). The affinity of 3H-labeled [2,3-dihydro-5-methyl-3-[(4-morpholinyl)methyl]pyrrolo-[1,2,3-de]-1,4-benzoxazin-6-yl](naphthyl)methanone (WIN55212-2) was unchanged across all mutants. It is noteworthy that AM841 was shown to bind irreversibly to WT CB1 but exhibited no covalent attachment with the mutants and behaved as an agonist suggesting irreversible attachment to C6.47 maintains CB1 in its active state. The evidence presented identifies C6.47 as the site of covalent bond formation with AM841 and combined with the binding data fully supports the molecular modeling. These studies present the first report of tandem applications of affinity labeling, site-directed mutagenesis, and interactive ligand docking for CB1.